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Process-Form Associations 
of Instream GUs

• Four categories differentiated:
1. Sculpted, erosional bedrock 

and boulder units
2. Mid-channel, depositional 

units
3. Bank-attached, depositional 

units
4. Sculpted, erosional fine-

grained units



Instream Geomorphic Units
I. Intro → Geomorphic Units & Process-Form Associations
II. Classification & Field Identification

III. Your Book (River Styles)
I. Sculpted, Erosional Bedrock & Boulder GUs
II. Mid-Channel, Depositional GUs
III. Bank-Attached, Depositional GUs
IV. Sculpted, Erosional Fine-Grained GUs
V. Unit & Compound GUs
VI. Forced GUs

IV. Continuum of GUs
V. Fluvial Taxonomy GUs (Topographically Defined)

I. Tier 1 – Stage
II. Tier 2 – Shape / Form
III. Tier 3 – Attributed

VI. GUT (Geomorphic Unit Toolkit)



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454




Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454




Glide
• Low Slope,
• Low Relative Roughness
• Capacity Transport Limited

Run
• Intermediate Slope, 
• Moderate Relative Roughness
• Competence Transport Limited

Rapid
• Steep Slope, 
• High Relative 

Roughness (~ 1 & >)
• Competence 

Transport Limited

Planar Continuum
• Instead of “Sculpted, Erosional” think 

transport limited
• Continuum of Slope & Relative 

Roughness

Most boater-named “rapids” (> Class 
III) are cascades

Cascade
• Really Steep Slope, 
• Very High Relative 

Roughness (> 1)
• Competence 

Transport Limited
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Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Excess Energy goes into 
vertical erosion

Excess Energy goes into 
lateral erosion

http://dx.doi.org/10.1002/9781118305454


Structurally-Forced Riffle

• Forms a riffle crest 
upstream of a 
channel spanning 
structural element



Fryirs & Brierley (2013)
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Pools as “Sculpted, Erosional” GUs 

http://dx.doi.org/10.1002/9781118305454


ELR – Steve Bennett



Notion of Continuums of GUs
• Geomorphic unit occurrence is a slippery slope… 
• Nuance of “dominant” vs. occurring 

Montgomery & Buffington (1997) →
DOI: 10.1130/0016-7606(1997)109%3C0596:CRMIMD%3E2.3.CO;2

Fryirs & Brierley (2013) →
DOI: 10.1002/9781118305454

https://doi.org/10.1130/0016-7606(1997)109%3C0596:CRMIMD%3E2.3.CO;2
http://dx.doi.org/10.1002/9781118305454
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Their first example of a mid-channel geomorphic 
unit is not … it is channel spanning

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

• Pool-riffle sequences very 
common, but that “genetic” 
linkage is not what defines
a riffle.

• Pool-riffle literature vast
• We’ll revisit this in fluvial

taxonomy

http://dx.doi.org/10.1002/9781118305454


Pool-Riffles

• This “classic” example of 
the pool-riffle-pool 
sequence with riffles 
connecting or spanning 
channel from point-bar to 
point bar is not only 
occurrence of “riffles”

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Pools can be mid-channel, 
but not always

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Dammed Pool

Bedrock step

Plunge Pool

Pool

Riffle

Rapid

Pool

Pool

Pool

http://dx.doi.org/10.1002/9781118305454


Longitudinal Bar – Flow splits symmetrically

Ferguson (1993)
DOI: 10.1.1.834.1476

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.834.1476&rep=rep1&type=pdf


Actual Mid-Channel Units



So many Bars

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454
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Mid-Channel Bars
Schuurman (2015)

DOI: 10.13140/RG.2.1.3582.3529

http://doi.org/10.13140/RG.2.1.3582.3529


Differentiated by

• Position
• Formation

Schuurman (2015)
DOI: 10.13140/RG.2.1.3582.3529

http://doi.org/10.13140/RG.2.1.3582.3529


Islands & Bouldar Mounds

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Island  - Split flow around > bankfull

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


The World’s most common Mid-Channel Bar

• Any guesses?



Diagonal Bars, Start Life as Bank-Attached



Diagonal Bar
• Diagonal bars are a mid-channel bar that starts out as a bank-attached 

point bar, but then becomes mid-channel via the process of chute 
cutoff… 

• Their name describes flow across them (@ higher stages), which 
flows diagonally from a higher anabranch to a lower anabranch



Keys to Identifying Diagonal Bars

1. Identify ‘inside bend’ of 
flow

2. Identify the flow 
separation point.

3. Trace a high-stage flow 
seam to a reattachment 
zone

4. Identify the ‘mid-channel’ 
bar within the shear zone 
(i.e. is it separated by a 
chute cutoff along inside 
channel margin)

5. Confirm flow is diagonal 
across bar from ‘high’ to 
‘low’ anabranch at higher 
stages.

Mid-Channel Bar

Chute cutoff



Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Bedrock Core Bar

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Mid-Channel Units on Continuum of 𝑄𝑄𝑠𝑠

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454
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Lateral Bars

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Most Bank-Attached GUs from flow separations

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

• Forms on inside bend from flow
separation and inside “shear zone”

http://dx.doi.org/10.1002/9781118305454


Recall

• Flow separation point
• Flow Seam
• Shear Zone (wake or 

eddy)
• Reattachment Zone
• Helicoidal flow 

structures in meander 
bends produce an 
anticlockwise, 
corkscrew effect.

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Point Bar

• Infer the unit-forming hydraulics… 



Schuurman (2015)
DOI: 10.13140/RG.2.1.3582.3529

http://doi.org/10.13140/RG.2.1.3582.3529


Active Meandering
• Point bar development on inside 

bends with enough bank cohesion 
on outside bend

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

Schuurman (2015)
DOI: 10.13140/RG.2.1.3582.3529

http://dx.doi.org/10.1002/9781118305454
http://doi.org/10.13140/RG.2.1.3582.3529
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Channel Junction Bar

• Like a mini-alluvial fan

http://dx.doi.org/10.1002/9781118305454


Benches

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454
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Benches
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Ledges

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Convex Bar – on what bend?

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Concave Bank Bench

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454
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Fryirs & Brierley (2013)
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Fine-Grained Sculpting

• Big events that have steep recession limbs (flashy) produce uniform 
deposits

• Lower flows and floods sculpt these

http://dx.doi.org/10.1002/9781118305454
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Compound

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Compound Bars… 
• Umm… well, same things and 

some other things keeps 
happening

• Multiple units…

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


In dynamic systems almost everything is compound… 
Schuurman (2015)

DOI: 10.13140/RG.2.1.3582.3529

http://doi.org/10.13140/RG.2.1.3582.3529


Fan-Eddy Complex



How horrendous it can get… 
Six potential phases of diagonal bar 
evolution
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Structurally-Forced

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Recall these terms..

• A structural element is a 
discrete object that directly 
influences hydraulics

• Structural elements produce:
• Flow separation points
• Flow seams
• Shear zones 
• Reattachment point or zone

• Help predict zones of erosion, 
deposition, margins and ‘forced’ 
geomorphic units

From: Wheaton et al. (2015) – Geomorphology; 
DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010
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Forced Bank-Attached Bar

http://dx.doi.org/10.1002/9781118305454
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Point Dunes 

• Superimposed on 
top of fine-
grained point bar

http://dx.doi.org/10.1002/9781118305454
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Forced Mid-Channel Bar • By a tree?

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Mid-channel PALS

Planform

Profile

Flow

Cross-section

Adapted from Figure 4.25 of Appendix D of Shahverdian et al. (2019) 
– Chapter 4 LTPBR Manual DOI: 10.13140/RG.2.2.22526.64324

By a jam?

http://dx.doi.org/10.13140/RG.2.2.22526.64324


ELR – Steve Bennett

Structurally Forced Mid-Channel Bar



ELR – Steve Bennett

Structurally Forced Mid-Channel Bar



Fryirs & Brierley (2013)
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Boulder Berm

• Explained by 
structural-
forcing wake 
or eddy

• & Very high 
competence

http://dx.doi.org/10.1002/9781118305454
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Hypothetical Longitudinal 
Continuum of Instream GUs
• If you buy the individual form-process linkages 

for each GU, you can start to predict the types 
of riverscapes in which different units will be 
present / dominate

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454


Geomorphic Units Related to Sediment 
Supply and Transport Capacity

• Transport capacity 
and sediment 
supply can also be 
used to predict 
presence of units

Fryirs & Brierley (2013)
DOI: 10.1002/9781118305454

http://dx.doi.org/10.1002/9781118305454
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